Purpose Sagittal spine and pelvic alignment of adolescent idiopathic scoliosis (AIS) is poorly described in the literature. It generally reports the sagittal alignment with regard to the type of curve and never correlated to the thoracic kyphosis. The objective of this study is to investigate the relationship between thoracic kyphosis, lumbar lordosis and sagittal pelvic parameters in thoracic AIS. Methods Spinal and pelvic sagittal parameters were evaluated on lateral radiographs of 86 patients with thoracic AIS; patients were separated into hypokyphosis group (n = 42) and normokyphosis group (n = 44). Results were statistically analyzed. The lumbar lordosis was lower in the hypokyphosis group, due to the low proximal lordosis. The thoracic kyphosis was not correlated with any pelvic parameters but with the proximal lordosis. The pelvic incidence was correlated with sacral slope, pelvic tilt, lumbar lordosis and highly correlated with distal lumbar lordosis in the two groups. There was a significant linear regression between thoracic kyphosis and proximal lordosis and between pelvic incidence and distal lordosis.
Introduction
Recent publications have shown the importance of considering the sagittal spinal and pelvic alignments for the treatment of spinal pathologies [1] .
Duval-Beaupère [2] described the relationship between the pelvic anatomy and lumbar lordosis. They introduced the pelvic incidence (PI) angle, which is an anatomical parameter characteristic of the pelvic shape of each individual, unaffected by the orientation of the pelvis.
Many authors [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] showed that there are correlations between the adjacent pelvic and spinal sagittal parameters: PI and sacral slope (SS), PI and pelvic tilt (PT), PI and lumbar lordosis (LL), SS and LL and finally LL and thoracic kyphosis (TK). PI is the only parameter that is anatomically fixed and it determines all spine and pelvis balances. PI determines SS and PT. SS, which is also the distal part of the lordosis, determines LL. In turn, LL balances with TK. This upward successive influence provides the spino-pelvic balance of the upright position. For a normal person, we can consider that the kyphosis is related to the PI through LL.
In adult scoliotic patients [13] , the authors found the same correlation between PI and LL. However, the correlation between LL and TK has been only found for lumbar or thoracolumbar curves by Legaye [5] .
In some studies [14] [15] [16] [17] [18] regarding the adolescent idiopathic scoliosis (AIS), authors [16, 17] found the same correlation between the pelvic parameters and LL, but did not find any correlation between LL and TK. The lumbar lordosis of adolescents with idiopathic scoliosis is dependent on the PI, as with the adult population. However, unlike adults, the kyphosis of AIS patients seems to be independent of the LL. However, the correlation was not analysed according to the value of TK.
We hypothesized that this difference between normal population and AIS is due to the low value of the kyphosis characteristic of thoracic AIS. The objective of this study was to determine the relationship between TK, LL and PI in thoracic AIS, and if the hypokyphotic patients have a spino-pelvic balance different from the normokyphotic patients. A better understanding of this relationship could be beneficial for the analysis and the treatment of thoracic AIS.
Materials and methods
Radiographic preoperative measurements were extracted from a prospective database of consecutive AIS seen for surgery in one orthopaedic paediatric centre from July 2000 to June 2010. The patients were classified according to Lenke classification. 86 cases (75 females and 11 males) were selected according to inclusion criteria: Thoracic AIS (Lenke 1 to 4) and TK inferior or equal to 45°. Two groups were defined by the value of TK: hypokyphosis group (HKG; TK \20°, n = 42) and normokyphosis group (NKG; 20°B TK B 45°, n = 44). The mean age was 14.6 years (±1.98) (range [11] [12] [13] [14] [15] [16] [17] [18] . The mean primary Cobb angle of the main curve was 56.7°(range 40°-104°), with a mean reducibility of 48 %. No difference was observed between the two groups in terms of age, sex, mean coronal Cobb angle, reductibility of the curves, type of Lenke curves and coronal balance.
Radiographic measurements
For all patients, standing posterior-anterior (PA) and lateral digital radiographs of the spine and pelvis were taken as a part of the routine evaluation of the preoperative scoliosis cases. The lateral radiographs were taken on the same medical imaging network with the same technique in standing position with the arm lying horizontally, hand on a support and visualizing the entire spine from the auditive canals to the proximal extremity of the femur. PA radiographs in supine lateral bending position had been made before surgery to evaluate the flexibility and the reducibility of the curve. The quality of digitalized film and the possibility to change the contrast on the computer allowed good visualisation of the femoral heads and the vertebral bodies notably in the proximal part of the thoracic spine. All the measurements were done by the same operator (JLC). Two sagittal spinal parameters and three sagittal pelvic parameters ( Fig. 1) were evaluated: -The thoracic kyphosis was defined as the angle between the superior end-plate of T4 and the inferior end-plate of T12. -The lumbar lordosis was the angle between the inferior end-plate of T12 and the superior end-plate of S1. -The Pelvic Incidence was defined as the angle between the perpendicular of the sacral endplate and the line which joins the middle of the sacral endplate and the hip axis. -The sacral slope (SS) was defined as the angle between the sacral endplate and a horizontal line. -The PT was defined as the angle between the vertical line and the line which joins the middle of the sacral endplate and the hip axis. PT was positive when the hips lie in front of the centre of the sacral plate.
Usually, the femoral heads are not superimposed, and the hip axis was defined as the middle of the line joining the centre of the two femoral heads. Geometrically, PI always equals to the sum of SS and PT.
According to Vaz and Roussouly [12] , LL was divided into proximal and distal lumbar lordosis (DLL) (Fig. 1) . Proximal Lumbar Lordosis (PLL) or lordosis over the apex is the angle between the inferior end-plate of T12 and the horizontal line which correspond to the apex of the lordosis. PLL is the part of the lordosis lying over the horizontal line independently to a vertebral level. DLL is the angle between the horizontal line and the sacral plate. DLL is the lordosis under the apex, DLL is geometrically equivalent to SS. PLL was calculated as the difference between LL and SS.
Global sagittal balance was also measured between the C7 sagittal plumb line (C7PL) and the posterior point of the sacral end plate. The balance was determined positive if C7 was shifted anteriorly and negative if C7 shifted posteriorly. A patient was considered imbalanced if the global sagittal balance was superior to 2 cm or inferior to -2 cm.
Statistical analysis
After testing the normal distribution of quantitative values, the Wilcoxon test was used to compare those parameters between the two independent groups. Correlations of pelvic and spinal parameters were analyzed using the Spearman test on the whole cohort and within the two groups. A linear regression plot was performed to explain lordosis' parts by Pelvic parameters. Significant p value was considered as p \ 0.05 and p \ 0.016 for multiple correlation 
Results

Spine and pelvic parameters distribution in AIS
Mean values and standard deviations of each parameter for the global cohort, HKG and NKG are presented in Table 1 with reference to the values of healthy adolescents and adults. For adolescent normal values, we present the lower and the higher value found in the literature [17, [19] [20] [21] [22] . As expected, TK was significantly different (p \ 0.0001) between HKG (8.2°) and NKG (30.8°) and the whole cohort (19.8°). LL was lower in the HKG (43.1°) than in the NKG (49.4°). This difference was significant (p = 0.02). It is not due to DLL, which is equivalent for the two groups, but due to the PLL which is lower in the HKG (3°) compared to the NKG (11.8°) (p \ 0.0001). For pelvic parameters, PI, SS and PT were not different for the two groups and close to the normal values of adolescent population. There was a trend (p = 0.08) for a higher PI for the HKG (51.1°) and a lower PI for the NKG (47.4°).
Correlations
The results of the correlation analysis of pelvic and spinal parameters using the Spearman test are summarised in Tables 2 and 3 with all the significant correlation's coefficients. TK (Table 2) was not correlated with any pelvic parameters. With regard to TK and LL, TK was only correlated with LL in the whole cohort. However, TK was correlated with PLL for the whole cohort and for the HKG, but not for the NKG. PI (Table 3) was correlated with PT and LL, and highly correlated with DLL for the two groups and the whole cohort. PI was not correlated with PLL. These correlations were confirmed by the significant linear regressions we found between TK and PLL and between PI and DLL, shown in Figs. 2 and 3.
Sagittal balance 13 (31 %) patients were imbalanced in the HKG and 17 (38 %) in the NKG. This difference was non-significant. The imbalance was independent of the value of the kyphosis.
Discussion
Because the spinal and pelvic sagittal parameters increase during the growth [20] , we performed the comparison of our results to the values of healthy adolescents found in the literature [17, [19] [20] [21] [22] and to the previously published AIS values [16-18, 23, 24] .
Upasani [17] and Mac Thiong [16] found a higher PI in thoracic AIS than in normal adolescent. In our study, the pelvic parameters were similar to the parameters of healthy adolescents as well as Roussouly et al. [24] . The PI was similar to the white AIS patients of Lonner [18] but inferior to his black patients (56°).
Regarding the whole cohort, TK (19.8°) was similar to the published values of thoracic AIS [16] [17] [18] (18.9°-22.9°) but, as expected, was lower than the value of normal adolescent (27.9°-44.2°). LL (46.3°) was moderately lower compared to the normal adolescents (49.2°-58.8°), but was similar to the values of AIS of Mac-Thiong [16] (40.8°) and Lonner [18] (42.2°). The results of these studies differ from the value of publications by Roussouly [24] (53.5°) and Upasani [17] (60.5°). It seems that the low kyphosis in AIS has a trend of a low lordosis accompanied.
The correlations between the pelvic parameters (PI and SS) and LL are equivalent to the correlations in normal population. Corroborating to Yong's study [23] , the correlations are highly significant with high coefficient regression between PI and DLL in the whole cohort and in the two groups. These results could be explained by the fact that DLL is geometrically equivalent to SS, and SS is the main factor of PI (PI = SS ? PT). It is confirmed by the significant regression that we observed between PI and DLL in the whole cohort and within the two groups (Fig. 3) . But we did not find any correlation between PI and PLL. Therefore, we can deduct that the distal part of the lordosis is closely linked to the pelvic incidence. The proximal part of the lordosis is independent of the PI.
Regarding the relationship between TK and LL, our study showed a correlation between TK and LL with a weak coefficient. This correlation disappeared if the cohort is split into two groups by the value of TK. Authors [16, 17] did not find this correlation, or only for thoracolumbar curves [16] . However, Yong [23] described a strong correlation between TK and LL.
For the two parts of LL, we found a correlation between TK and PLL in the whole cohort, which is consistent with Yong's results, and in the HKG. The correlation is confirmed by the significant linear regression (Fig. 2) . The lack of correlation between TK and PLL in the NKG seems to demonstrate that it is the hypokyphosis which related to PLL. In any group, we did not observe any correlation between TK and DLL, neither did Yong [23] . The thoracic hypokyphosis is related with a low LL by having a low proximal lordosis. This dependence stops at the apex of the lordosis and does not affect the distal part and the pelvic parameters.
From those results, we can consider that LL is dependent on two factors. The proximal part of the lordosis depends on the thoracic hypokyphosis and the distal part depends on the pelvic incidence.
Seeing as TK is not linked with DLL and pelvic parameters, the influence of hypokyphosis stops at the apex of the lordosis. Reciprocally, as PI is not linked with PLL and TK, the pelvic incidence does not determine the kyphosis of thoracic AIS. The hypokyphosis seems to be a structural parameter, characteristic of the scoliotic deformity and independent of the pelvic parameters.
This study helps to understand the relationship between pelvic incidence, LL and TK. For a healthy person, the three parameters are linked, and the TK is under the influence of the pelvic incidence. Conversely, for adolescents with thoracic idiopathic scoliosis, the link stopped at the apex of the lordosis. The TK is independent of the pelvic incidence.
For AIS surgical treatment, it seems important to consider these relationships and the value of TK and PI. A LL adapted to the PI must be restored. With selective thoracic fusion used for thoracic scoliosis, the correction of hypokyphosis could increase the LL by the way of PLL. This could constitute a means to adapt the value of LL to the PI.
Further studies are necessary to analyze the possibilities to modify the lumbar lordosis by the surgical correction of the hypokyphosis in Thoracic AIS.
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